JCBFM

Journal of Cerebral Blood Flow &
Metabolism

2020, Vol. 40(6) 12031212

© Author(s) 2019

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/0271678X19865219
journals.sagepub.com/home/jcbfm

®SAGE

Original Article

Physiologic predictors of collateral
circulation and infarct growth during

anesthesia — Detailed analyses of the
GOLIATH trial

Radoslav RaychevI , David S Liebeskind', Albert ) Yoo?,
Mads Rasmussen3, Dimiter Arnaudov", Scott Browns,
Jeffrey Saver' and Claus Z Simonsen®

Abstract

Collateral circulation plays a pivotal role in acute ischemic stroke due to large vessel occlusion (LVO) and may be affected
by multiple variables during sedation for endovascular therapy (EVT). We conducted detailed analyses of the GOLIATH
trial to identify predictors of collateral circulation grade and infarct growth. We also modified the ASITN collateral
grading scale and sought to determine its impact on clinical outcome and infarct growth. Multivariable analysis was used
to identify predictors of collaterals and infarct growth. Ordinal analysis demonstrated nominal, but non-significant
association between modified ASITN scale and infarct growth. Among all analyzed baseline clinical and procedural
variables, the most significant predictors of infarct growth at 24 h were phenylephrine dose (estimate 6.78; p =0.014)
and baseline infarct volume (estimate 0.93; p =0.03). The most significant predictors of worse collateral grade were
mean arterial pressure (MAP) <70 mmHg (OR 0.35; p =0.048) and baseline infarct volume (OR 0.96; p =0.003).
Hypotension during sedation for EVT for LVO negatively impacts collateral circulation, while higher pressor dose is a
strong predictor of infarct growth. Avoidance of anesthesia-induced hypotension and consequent need for pressor
therapy may prevent collateral failure and minimize infarct growth.
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Introduction

Collateral circulation is a key determinant of acute
ischemic stroke outcome: better collaterals are asso-
ciated with smaller infarct size, higher revascularization
rates, lower hemorrhagic transformation, and
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improved long-term clinical outcome after EVT for
AIS.'" As such, any therapeutic intervention aimed
to improve collaterals or delay/prevent collateral failure
in the setting of EVT, has the potential advantage to
improve clinical outcome by prevention of ischemic
core expansion, lowering hemorrhage risk, and improv-
ing recanalization success. Despite the exhaustive
literature and advanced understanding of the patho-
physiologic factors influencing collateral flow, there is
limited translational application of collateral thera-
peutic strategies in the current era of AIS treatment.®’
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A distinct advantage of monitored anesthesia is that it
offers an ideal environment for investigating the effect
of different physiologic parameters upon the collateral
circulation during acute cerebral ischemia with the
potential for therapeutic translation. Furthermore,
prior studies have suggested that anesthesia-induced
intra-procedural hypotension and low end-tidal
carbon dioxide (ETCO,) prior to reperfusion are asso-
ciated with worse clinical outcome after EVT, presum-
ably due to collateral compromise.®'® However, the
association between collateral circulation and these
important physiologic parameters remains theoretical.
To this date, no studies have provided solid evidence of
the direct impact of intraprocedural ETCO, and blood
pressure variations on collaterals. In addition, while the
primary aim of all interventions for treatment of acute
ischemic stroke (AIS) due to large vessel occlusion
(LVO) is fast and efficient recanalization, little attention
has been given to other potentially modifiable variables
affecting the pathophysiology of cerebral ischemia.
Factors, including blood pressure and ventilatory
status, may be of particular relevance in establishing
the best possible methods of sedation in the setting of
EVT, especially in patients with tenuous collaterals who
might be particularly vulnerable to accelerated infarct
growth. Given rapid expansion of EVT for AIS and
increasing interest in revascularizing patients with
large baseline ischemic core, periprocedural manage-
ment of these physiologic factors may be of particular
importance for optimal clinical outcome.'""?

In this study, we aimed to identify specific intrapro-
cedural physiologic predictors of collateral circulation
strength and infarct growth immediately prior to
thrombectomy attempts for AIS due to LVO. We
hypothesized that intra-procedural hypotension and
low pCO2 levels are associated with worse collaterals.
In addition, we sought to further analyze the currently
accepted reference standard ASITN collateral grading
scale by introducing a novel subcategory based on the
extend of the filling defect: we divided grade 2 into two
separate categories: 2—(collateral filling in <50% of the
ischemic territory) and 2+ (collateral filling in >50% of
the territory) (Table 1). We hypothesized that ASITN
grade 2+ collaterals will have more favorable impact
on lesion growth and clinical outcome as compared to
grade 2—.

Materials and methods

We conducted a retrospective analysis of the complete
GOLIATH trial database. The GOLIATH trial was a
single-center, prospective parallel group, open-label
randomized controlled trial with blinded end point
evaluation (PROBE design). Details regarding trial
design and outcome have been previously published.'*

Table |. Modified ASITN collateral grading scale.

Grade Angiographic assessment

0 No visible collaterals to the ischemic site

I Slow collaterals to the periphery of the ischemic
site with persistence of some defect

2— Rapid collaterals to the periphery of the ischemic
site with collateral filling in <50% of the
territory

2+ Rapid collaterals to the periphery of the ischemic
site with collateral filling >50% of the territory

3 Collaterals with slow but complete angiographic
blood flow of the ischemic bed by the venous
phase

4 Complete and rapid collateral blood flow to the

vascular bed in the entire ischemic territory by
retrograde perfusion

The study was approved by The Ethical Committee in
Central Denmark Region in accordance with ethical
standards of the Helsinki Declaration of 1975 (and as
revised in 1983). The committee accepted a waiver of
consent before randomization because eligible patients
typically were not able to give informed consent and
treatment was time critical. Patients or their next of kin
were later required to give written informed consent to
remain in the trial, and only one patient refused to give
post-randomization consent because he/she did not
want to undergo repeated magnetic resonance imaging
(MRI) scans. No data monitoring board was involved.
Briefly, patients were included from March 2015 to
February 2017. Eligible patients with acute ischemic
stroke presenting with anterior circulation large vessel
occlusion were randomized for EVT under either gen-
eral anesthesia (GA) or conscious sedation (CS). Total
of 128 patients were included in the trial, of which
65 patients were randomized to receive GA and
63 patients were allocated to CS. Four patients (6%)
crossed over from CS to GA. All patients were included
in this analysis.

GA included rapid sequence induction with suxa-
methonium, alfentanil, and propofol followed by
infusion of propofol and remifentanil.'> Following
endotracheal intubation, controlled ventilation was
applied to achieve normoventilation. CS included a fen-
tanyl bolus dose, which was repeated if necessary and a
low-dose propofol infusion with the infusion rate
adjusted at the discretion of the anesthesiologist.
Periprocedural monitoring consisted of continuous
electrocardiogram, pulse oximetry, and ETCO, moni-
toring. An arterial catheter was inserted before induc-
tion for continuous invasive arterial blood pressure
measurements. Blood pressure variables including
SBP, diastolic blood pressure, and mean arterial
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pressure (MAP) were measured every minute through-
out the procedure. Immediately after termination of the
procedure, the attending anesthesiologist calculated the
total time the patient was below the prespecified blood
pressure thresholds (SBP < 140 mm Hg, MAP < 70 mm
Hg) and manually recorded blood pressure measure-
ments for every minute during the first Smin followed
by recording of measurements for every 5 min. The data
were stored in the GOLIATH database and used for
calculation of blood pressure variability and analyses of
the continuous hemodynamic variables. Detailed ana-
lysis of this data and the relationship of blood pressure
variability with clinical outcome has been previously
published.'®

Per recommendations from the Society for
Neuroscience in Anesthesiology and Critical Care,!”
and the study by Whalin et al.'® who reported unfavor-
able outcomes with MABP <70mm Hg,'® the pre-
specified trial protocol blood pressure goals were
SBP > 140 mm Hg and MABP > 70mm Hg. A reduc-
tion in SBP and MAP below these targets was treated
with ephedrine, phenylephrine, or both, with choice of
vasopressor per anesthesiologist’s discretion. Baseline
blood pressure was defined as the blood pressure mea-
sured in the neurointerventional suite immediately
before induction of GA or CS. MAP at the end of
procedure was measured at the time of removal of the
femoral artery sheath.

The pre-specified primary outcome of the trial was
infarct growth at 48—72 h after EVT, measured in milli-
liters (mL). Infarct size before and after the procedure,
modified TICI score, and procedural safety measures
(dissection, perforation, and clot migration) were eval-
uated by a single independent core imaging laboratory
investigator to ensure unbiased assessment of the study
endpoints. Baseline infarct size was determined on dif-
fusion-weighted imaging (DWI) or apparent diffusion
coefficient (ADC) imaging. Final infarct size measure-
ment was performed, using a T2 fluid-attenuated inver-
sion recovery sequence with additional reference to the
DWI or ADC imaging, and included regions of hem-
orrhagic conversion.

Secondary outcome measures were modified Rankin
scale (mRS) scores at 90 days, process time intervals,
blood pressure levels, and safety end points. The mRS
score was evaluated at 90 days (80—100 days) after the
stroke over the telephone by a certified study nurse who
was blinded to randomization.

Angiographic collateral assessment was performed
by two independent readers who were blinded to clin-
ical and imaging outcome, followed by consensus adju-
dication. Collateral grade was scored only when
assessable, prior to any thrombectomy attempt.

In this study, we introduced a novel sub classifica-
tion of the grade 2 category of the originally described

ASITN angiographic collateral flow grading scale.'”
According to this originally proposed scale, grade 2 is
described as “‘rapid collaterals to the periphery of the
ischemic site with persistence of some of the defect and
to only a portion of the ischemic territory.” Given the
potential for high variability in the size of the ischemic
territory, we further divided grade 2 into two separate
categories (Table 1): 2— (collateral filling of <50% of
the ischemic territory), and 2+ (collateral filling of
>50% of the territory).

Examples of these two separate grades are depicted
in Figure 1.

Statistical analysis

All analyzed clinical, imaging, and procedural anes-
thetic variables, including collaterals by modified
ASITN grading scale, and infarct growth are listed in
Table 2.

Baseline characteristics are reported using standard
summary statistics, including mean + standard devi-
ation and median for continuous variables, and fre-
quency tabulations for discrete and ordinal variables.

Spearman’s rho for correlation was used to assess
the relationship between the modified 4-point ASITN
collateral score (no grade 4 was detected in this dataset)
and: (a) mRS at 90 days (b) ETCO,, and (c) infarct
growth.

Univariate analyses were run for each baseline vari-
able to associate candidate clinical and procedural vari-
ables with two separate outcomes: (1) modified ASITN
scale and (2) infarct growth. The multivariate models
were built by first including typical covariates (e.g. age)
and predictors of specific interest (e.g. MAP) to the
research hypothesis, prior to the construction of the
models. Any additional predictors with univariate
p values < 0.20 were also included in the multivariable
analyses. For the modified ASITN scale, ordinal logis-
tic regression was employed, while the continuous out-
come of infarct growth was analyzed with linear
regression. Predictors in each model are presented
with their estimated effects (odds ratios for
ASITN and regression betas for infarct growth) along
with their associated 95% confidence intervals and
p-values.

Results

Among the 80 (63%) patients in whom collaterals were
evaluable on pre-intervention angiography, the most
common grade was 24 (n=31), followed by 3
(n=21), and 2—(n=19). Only nine patients had
grade 1 collaterals. Grade 4 was not observed in this
cohort. Collaterals were most frequently evaluable in
patients with M1 (83%), followed by ICA neck
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Figure 1. Lateral projection angiographic images obtained in the venous phase in setting of M| occlusions in three different patients.
The images demonstrate examples of different collateral grades according to the modified ASITN grading scale: (a) Rapid collaterals to
the periphery of the ischemic site with filling in <50% of the MCA territory, corresponding to ASITN grade 2—. (b) Rapid collaterals
to the periphery of the ischemic site with filling in =50% of the MCA territory, corresponding to ASITN grade 2+ (c). Collaterals with
slow but complete angiographic flow of the ischemic bed, corresponding to ASITN grade 3.

Table 2. Variables analyzed.

Table 2. Continued

Variables included in

% (N); Mean £ SD

Variables included in % (N); Mean £ SD

the analysis (Median) the analysis (Median)

Age 714+ 11.4 (725) Modified ASITN grade

Baseline NIHSS 17.6£4.3 (17.5) l 11% (9/80)
History of HTN 56% (71/127) 2—- 24% (19/80)
A-fib 40% (51/127) 2+ 39% (31/80)
Smoker 32% (40/126) 3 26% (21/80)
DM 14% (128/127) 0

Baseline ASPECTS
Infarct growth (ml)
Time to groin (min)
Propofol dose (mg)
Phenylephrine % used; dose
ETCO, (kPa)
MAP <70 mmHg
Ephedrine % used; dose
Evaluable collaterals

Ml

Tandem (ICA/MI)

ICAT

ICA neck

M2

7.0+ 1.8 (7.0)
45.6£853 (14.7)
193.9471.7 (180.0)

2493 +214.9 (213.0)

77% (99/128)
45404 (45)
26% (33/128)
38% (48/128)
62% (80/128)
83% (44/53)
31% (9/29)
32% (6/19)
50% (4/8)
47% (9/19)

(continued)

(50%), M2 (47%), ICA T (32%), and tandem occlu-
sions (31%).

In the univariate ordinal analyses, we found no sig-
nificant relationship between collaterals grading by
modified ASITN and clinical outcome (Figure 2).

Collaterals and ETCO,

The median ETCO, was 4.4kPa (33mmHG) (inter-
quartile range, 4.2-4.8 kPa). Among all subjects with
evaluable collaterals (n = 80), ETCO, values were avail-
able only in 37 patients. To explore the potential asso-
ciation between collateral circulation and ETCO,
levels, we performed both continuous and categorical
analyses. Spearman rho ordinal correlation coefficient
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test was used to assess the relationship between collat-
eral grading and mean ETCO; levels, revealing no sig-
nificant association between the two variables (r=0.19,
p=0.250) Furthermore, we dichotomized subjects into
two separate categories, using the mean ETCO, value
of 4.66kPa (35mmhg) as a cutoff for definition of
hypocapnia as follows (Figure 3)

1. Normocapnia > 4.7 kPa (n=22).
2. Hypocapnia: <4.6kPa (n=16).

We found no relationship between hypocapnia and
collaterals (p =0.094).

There was a distinct nominal, but non-statistically
significant association between different collateral

modified ASITN collateral grades
1 m2-m2+m3
p=0.094

ETCO2 > 4.66(n=16) | 6 50

ET COZ2 <= 4.66 (n=22)

Figure 2. Modified ASITN grades distribution according to
ETCO, values. Numbers within each colored region represent
the percentage of patients with the corresponding modified
ASITN grades.

grades and infarct growth with apparent greater poten-
tial for infarct growth between grades 2— and 2+
(Figure 4).

Results of the univariate analyses are included in
Tables A and B in the Supplemental Material.
Among all analyzed variables, the most significant pre-
dictors of infarct growth at 24h were phenylephrine
dose (estimate 6.78; p=0.014) and baseline infarct
volume (estimate 0.93; p=0.03) (Table 3a). The most
significant predictors of worse collateral grade were
MAP <70mmHg (OR 0.35; p=0.048) and baseline
infarct volume (OR 0.96; p=0.003) (Table 3Db).
Smaller baseline core volume was associated with
better collaterals (OR 1.04; p=0.003). MAP
<70mmHg occurred much more frequently in the
GA arm (35.4%) as compared to CS arm (15.9%). IV
pressors were required in almost all (98%) patients in
the GA arm versus approximately half (57%) in the CS
arm. Phenylephrine was used much more frequently
than ephedrine (77% vs. 38%).

Discussion

To our knowledge, this is the first study to demonstrate
the detrimental impact of intra-procedural BP reduc-
tion upon collateral circulation. Data from physiologic
and observational studies and more recently from
single-center randomized trials provide insights into
potential biologic advantages and disadvantages of
both GA and CS during EVT for AIS. One of the
main advantages of GA over CS is less patient
motion facilitating catheterization and potentially

Chart Area

ASITN 1 (n=9) 11

mRS at 90 days

0 =l m2 3 m4 u5 m6

nouu e

p=0.13

ASITN 2- (n=19) 26 sl
ASITN 2+ (n=31) 13 32
ASITN 3 (n=21) 14 33

Figure 3. Ninety-day mRS outcomes according to modified ASITN grading scale. Stacked bar graphs demonstrate full mRS outcome
distributions for the examined cohort divided into four groups based on modified ASITN grading scale. Numbers within each colored
region represent the percentage of patients with the corresponding mRS outcome grade for that group.
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Figure 4. Infarct growth according to modified ASITN collateral grade. Bar plots represent infarct growth volume in each collateral

grade category.

Table 3. Results from multivariable analysis.

Predictor Estimate (beta) LCL UCL p-value

A. Predictors of infarct growth
Age (per year) 0.80 —0.54 2.13 0.245
NIHSS at baseline (per point) 3.23 —0.26 6.72 0.072
Baseline infarct volume (per ml) 0.93 0.10 1.75 0.030
Time to groin puncture (per min) 0.12 —0.08 0.33 0.233
Propofol dose (per mg) 0.02 —0.05 0.10 0.509
Phenylephrine dose (per mg) 6.78 1.46 12.11 0014
MAP < 70 (yes vs. no) —21.38 —55.84 13.08 0.226

Odds ratio LCL UCL p-value

B. Predictors of collateral grade.
Age (per year) 0.99 0.96 1.03 0.627
NIHSS at baseline (per point) 0.96 0.94 1.06 0410
Baseline infarct volume (per ml) 0.96 1.00 0.99 0.003
Time to groin puncture (per min) 1.00 1.00 1.01 0.224
Propofol dose (per mg) 1.00 1.00 1.00 0.580
Phenylephrine dose (per mg) 0.98 0.84 .14 0.778
MAP <70 (yes vs. no) 0.35 0.12 0.99 0.048

leading to greater revascularization success. This notion
is supported by the higher rate of successful reperfusion
in the GA arm of the GOLIATH trial.'"* Conversely,
a potentially detrimental effect of GA is blood pressure
reduction, as demonstrated in multiple retrospective
studies.”?*** The presumed mechanism underlying

the deleterious effect of GA-induced hypotension
during EVT is collateral compromise leading to accel-
erated infarct growth. However, no prior studies have
established a direct relationship between BP and collat-
eral circulation. Of note, neither of these two factors
(collaterals and hypotension) ultimately translated into
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worse clinical outcome in this and prior analyses of the
GOLIATH data.'® A potential explanation is that the
negative impact of hypotension on collaterals and clin-
ical outcome was mitigated by the higher rate of suc-
cessful reperfusion achieved in the GA arm. It is also
important to emphasize that despite the pre-specified
target BP parameters, hypotension occurred more fre-
quently in the GA arm with a significantly higher rate
of IV pressor administration as compared to CS.
Moreover, MAP <70mmHg occurred mostly at the
beginning of the procedure.'® The association between
higher pressor dose and infarct growth indicates that
the deleterious effect of BP drop during induction upon
collateral circulation may be irreversible and may not
be compensated by IV pressor therapy. Another theor-
etical mechanism by which vasopressors may directly
influence infarct growth is impaired microvascular
perfusion and capillary flow heterogeneity, leading to
limited oxygen exchange and penumbral tissue reduc-
tion.”*** Animal data support that leptomeningeal
arterioles respond paradoxically to increased pressure
with direct vasoconstriction, particularly in setting of
common comorbid conditions like hypertension and
aging.” These findings are of paramount importance
for future choice of induction strategies during GA.
For example, an alternative medication to propofol
for induction is Etomidate, which has been proven to
preserve hemodynamic stability during GA in volume-
depleted patients.’**” The drug has become a logical
choice for many anesthesiologists, intensivists, and
ED providers in this patient population due to its
unique ability to spare vascular tone, myocardial con-
tractility, and heart rate, while rapidly achieving a hyp-
notic state.””*® One notable side effect is the temporary
suppression of cortisol synthesis, although no study has
shown a definitive link between Etomidate-induced
adrenal suppression and worse clinical outcome in
non-septic patients. Another alternative medication
for induction is ketamine, which is also has very
stable cardiovascular properties and potential neuro-
protective effects.”” However, this medication has
been less popular among most practicing anesthesiolo-
gists due to its well-established side effects of dissocia-
tive state and hallucinations, which could be prevented
with benzodiazepines administration.™

An important factor potentially affecting cerebral
collateral circulation during GA is ventilation and
ETCO,. Although systemic arterial blood pressure
appears to play an important role in preservation and
augmentation of downstream collateralization in set-
ting of AIS,*'*? the hallmarks of sufficient collateral
flow preserving penumbral tissue viability are adequate
cerebral blood flow (CBF) and cerebral blood volume
(CBYV) at the level of the cerebral tissue microcircula-
tion.”* 3> Regional CBV and CBF are proportionally

dependent on partial pressure of CO, due to its vaso-
dilatory properties.***” In addition, increased blood
flow and vascular reactivity within collaterally perfused
brain tissue after AIS have been shown to be more
reliably evoked by CO, than induced hypertension in
patients with subacute strokes.*® In a retrospective
study by Takahashi et al.,'” lower BP in patients with
AIS undergoing EVT under GA had no clinical impact,
whereas decreased ETCO, was the only factor asso-
ciated with poor outcome.'® Moreover, a recent retro-
spective single-center study demonstrated that higher
end-tidal CO, and early extubation were the most sig-
nificant predictors of good neurological outcome after
endovascular treatment of AIS under GA.* Of note,
the GA protocol in SIESTA included mild hypercapnia
(ETCO, target 40-45).%° The potential benefical effect
of GA over CS was magnified in patients with worse
collaterals on pre-treatment CT angiography, which the
authors attributed to the mild hypercapnia and cerebral
vasodilation.*! Despite these multiple mechanisms by
which paCOj-induced vasodilation during AIS may
be beneficial, there are additional mechanisms by
which paCO, might exert a detrimental effect. Greater
responsiveness of normal cerebral vasculature than
ischemic cerebral vasculature to vasodilatory signals
could lead to ‘“‘steal” phenomena, with paradoxical
“shunting” of flow away from the ischemic tissue.*?
However, we did not find a significant correlation
between ETCO, and collaterals in our analysis. There
are several potential explanations. First, the number of
patients with evaulable collaterals and available ETCO,
values in our study is very low (N =37). Second, the
median ETCO, was 4.4 kPa (33 mmHG), i.e. consistent
with mild hypocapnia, with very few patients in the
more extreme ranges: only three patients had mean
ETCO, values < 4 kPa (30 mmhg) and only one patient
had ETCO,> 5.3 (40mmhg). Third, we used mean
ETCO, values and we did not analyze detailed
minute-by-minute ETCO, data throughout the proced-
ure. As such, no meaningful conclusion can be drawn
from our data regarding the previously established rela-
tionship between CO, and cerebral circulation, particu-
larly with respect to the detrimental vasoconstrictive
effect of hypocarbia. Further studies are needed to
explore the therapeutic potential of hypercapnia on col-
laterals in setting of GA.

Our findings also highlight the importance of scruti-
nizing the angiographic assessment of cerebral collat-
eral circulation. Among all diagnostic methods,
catheter angiography provides the best spatial and
dynamic visualization of the anatomic and functional
capacity of collaterals.** Several angiographic collateral
grading scales have been proposed.'”** ¢ In our opin-
ion, the ASITN grading scale provides the most accur-
ate description, incorporating both the dynamic and
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anatomic aspects of collaterals, focusing on the tem-
poral relationship with the venous phase and the pres-
ence and extent of the collateral defect within the
ischemic territory. In addition, the ASITN scale has
been recommended by multi-society consensus as the
most accurate method for collateral flow assessment.*’
Furthermore, this scale has been used in most of the
published studies describing various associations of col-
laterals with infarct size, successful reperfusion, hemor-
rhage rates, glucose levels, microcatheter flow patterns,
and clinical outcome after EVT.>*** However, the
commonly used dichotomization between ‘‘poor”
(grades 0-2) and ““good” (grades 3-4) collaterals in
these studies may not be optimal due to inclusion of
the highly variable grade 2 in the “poor” category.
Similar to the well-established angiographic and func-
tional distinction between TICI grade 2a and 2b based
on the size of the reperfused territory, the ischemic
defect in ASITN grade 2 can also vary in size.
Examples of two different patients with ASITN grade
2 are included in Figure 1, illustrating the difference in
the size of the ischemic defect. This potential of high
variability within a single collateral grade may hamper
the prognostic accuracy of angiographic collateral
assessment in clinical practice and research. As such,
we pursued more detailed investigation of this category
with respect to clinical (mRS) and biomarker (infarct
growth) outcomes. Using the TICI scoring paradigm as
a reference, we subdivided grade 2 based on the size of
the ischemic defect into 2— (<50% collateral filling of
the ischemic territory) and 24 (>50%), and we
explored the relationship of this modified ASITN grad-
ing with 90 days mRS and infarct growth. We did not
find correlation between clinical outcome and collat-
erals, but we observed a potential relationship with
infarct growth with more frequent instances of large
infarct growth in grade 2— versus 2+ collaterals
(Figure 4). Although this difference did not reach stat-
istical significance, our findings demonstrate the poten-
tial utility of this modified ASITN grading for more
precise collateral assessment findings and warrant fur-
ther validation in larger cohorts.

Limitations

The main limitation of our study is the relatively small
sample size. In addition, our analyses and findings are
focused primarily on physiologic parameters without
significant correlation with clinical outcome. Another
important limitation is that the GOLIATH trial was a
single center study and thus the findings reported here
may not be generalizable to other centers with different
anesthesia regimens. Finally, the ETCO, analyses pre-
sented here may not accurately reflect its physiologic
correlation with collaterals. We used mean ETCO,

values from the entire period of anesthesia, and thus
we cannot detect potential variability which likely
occurred at the beginning of the procedure. Similar to
BP, profound temporary drops in the ETCO, may
hamper collaterals. Moreover, we did not measure the
exact PaCO, to ETCO, gradient, which may influence
the number of patients dichotomized to either normo-
or hypocapnia in our association between ETCO, and
collateral flow.

Conclusions

Sedation-induced intraprocedural blood pressure drop
has a deleterious effect on cerebral collateral circulation
in setting of EVT, which may not be reversed by
vasopressor administration. Avoidance of hypotension
(particularly during induction) appears critical for pre-
serving collaterals and minimizing infarct growth.
These findings illustrate the significance of tight peri-
procedural hemodynamic control, especially in patients
with larger.
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